A sensitive immunoblotting technique for the serodiagnosis of Brucella ovis infections Abstract.
In most countries, the CFT is routinely applied for negative samples were taken from rams from New Zealand diagnostic purposes or is used in eradication and ac-flocks with a reliable history of freedom from the disease. A creditation schemes. 16 The ELISA, which is more sim-third group of 89 sera originated from chronically infected ple to perform, has not yet replaced the CFT as the rams that were shedding B. ovis in their semen at the time of sampling. A fourth group of 169 CFT-negative and 209 most widely used test because it results in more sam-CFT-positive sera were obtained from known infected flocks ples fluctuating around the set cutoff levels than does during routine testing for accreditation. the CFT, resulting in more problems with weak reacting sera. 16 Electrophoretic immunoblotting (EIB) 30 has been used in widespread situations as a research tool. To a limited extent, it is used for diagnostic purposes. 15, 29 In B. ovis serology, EIB studies have focused on antigenic composition rather than on diagnostic application. 7, 8, 11, 14, 24, 25 In a recent study, 7 EIB was applied to sera from B. ovis-infected rams and compared with a whole cell ELISA (CELISA) and with the CFT. A tight Antigens. Brucella ovis strain 020 was grown from blood agar plates on veal infusion agar at 37 C in a 10% CO, atmosphere. Cultures were harvested in distilled water, centrifuged (2,000 x g for 30 min), and washed 3 times.
Heat-extracted antigen was prepared by autoclaving a 10% cell suspension in physiological saline at 100 kPa for 20 min and subsequent centrifugation at 2,000 x g for 30 min. The supernatant (1.3 mg protein/ml) was used in an appropriate dilution with sample buffer. Sonicated antigen was prepared by subjecting a bacterial suspension (10% in Tris-buffered saline [TBS], 50 mM Tris-HCl, 150 mM NaCl, 0.02% sodium azide [pH 7.5]) to sonication for 12 min at 0 C. After centrifugation at 2,000 x g for 30 min, the supernatant was freeze-dried, dissolved in TBS (6.6 mg/ml protein), and used as antigen in an appropriate dilution with sample buffer. Sodium dodecyl sulfate/mercaptoethanol (SDS/ME)-extracted antigen was prepared by mixing the bacterial suspension with 10 times its volume of sample buffer, boiling for 5 min and centrifuging at 20,000 x g for 30 min. The supernatant was used as antigen. Rough lipopolysaccharide (RLPS) of B. ovis was extracted as described previously. 13 Protein determinations were performed using a commercial detergent-compatible protein assay system according to the manufacturer's instructions. a The concentration of B. ovis RLPS was determined by comparing dilution series of S. typhimurium TV 119 RLPS of known concentration with dilution series of B. ovis RLPS in sample buffer on silverstained polyacrylamide gels. 18 SDS-polyacrylamide gel electrophoresis (SDS-PAGE). Electrophoresis was performed on homogeneous polyacrylamide gels (15% T, 2.7% C) of 1.5 mm thickness using 5% stacking gels with a discontinuous Tris-glycine buffer system 19 in a mini-electrophoresis cell. b Antigens were mixed with sample buffer (62 mM Tris-HC1 [pH 6.9], 5% SDS, 1% ME, 20% glycerol) and heated at 100 C for 5 min. One hundred microliters of sample were loaded over the whole gel length for immunoblotting or 10 µl/well were loaded for electrophoresis only. Gels were run for 45 min at 200 V and then used for electrophoretic immunoblotting or stained with Coomassie blue or silver stain. 18 Electrophoretic transfer. After electrophoresis, gels were briefly soaked in blotting buffer (25 mM Tris, 192 mM glytine, 20% methanol [pH 8.3]). Electrophoretic transfer was performed in a semidry electrophoretic transfer cell c at 15 V for 30 min according to the manufacturer's instructions. For routine transfer, a polyvinylidene difluoride membrane d (8 x 10 cm) was used.
Electrophoretic immunoblotting. After electrophoretic transfer, the membranes were incubated in blocking solution for 60 min at room temperature (RT) or overnight. Horse serum, e 10% in TBS, was routinely used for blocking. The membranes were then transferred to a miniblot system f that divides each membrane into 28 lanes. Serum samples, diluted 1:200 in TBS with 10% horse serum, were applied (50 µl/lane) and incubated for 2 hr at RT on a rocking platform at 5-6 tilt cycles/min. Each membrane was washed once with 100 ml of TBS containing 0.05% Tween 20 (TBS-T) by using a manifold f and twice in an incubation tray with 50 ml of TBS-T for 5 min.
Conjugate incubation was routinely performed with an alkaline phosphatase (AP)-conjugated monoclonal antibody (MAb) against bovine and ovine 1gG. g This MAb was diluted 1:1,000 in TBS containing 10% horse serum and incubated for 60 min at RT. Incubation was followed by 3 washes of 20 min each with TBS-T and a IO-min incubation of the membranes at RT in substrate solution (100 mM Tris-HCl, 100 mM NaCl, 10 mM MgCl 2 [pH 9.8] freshly mixed with 60 mM nitro blue tetrazolium and 30 mM 5-bromo-4-chloro indolylphosphate). The reaction was stopped by washing twice for 5 min in distilled water.
Sera were defined as EIB positive when staining of any bands appeared, even very weak staining. Sera showing no staining of distinct bands or weak diffuse staining over the whole length of the lane were defined as EIB negative. A pool of 10 CFT-, ELISA-, and GDT-negative sera was used as the negative control, and a serum strongly positive in CFT, ELISA, and GDT was used as the positive control.
CFT, ELISA, and GDT. CFT, ELISA, and GDT were performed as previously described. 16 
Results
Electrophoresis, electrophoretic transfer, and serum incubations. In pilot studies, we compared a variety of blocking reagents (bovine serum albumin, Tween 20, gelatine, nonfat milk powder, horse serum), secondary antibody systems, and blotting membranes (nitrocellulose, nylon, polyvinylidene difluoride) by using strong positive serum and a pool of CFT-, ELISA-, and GDT-negative serum samples.
A polyvinylidene difluoride membrane d gave the best result when judged for antigen binding capacity and low background staining. Of 10 conjugate systems 1) anti-bovine/ovine IgG-MAb-AP, g 2) rabbit anti-sheep Ig (H&L)-AP, h 3) rabbit anti-sheep Ig (F c )-AP, h 4) rabbit anti-sheep Ig (F(ab') 2 )-AP, h 5) donkey anti-goat/ sheep IgG-AP, g 6) protein A-AP, i 7) donkey anti-sheep IgG-biotin i and streptavidin-AP, e 8) rabbit anti-sheep IgG and sheep APA AP, j 9) rabbit anti-sheep IgG and protein A-AP, i 10) MAb anti-goat/sheep i and rabbit anti-mouse-AP k that were tested at various dilutions and in combination with 5 blocking reagents, all the polyclonal antibody-based conjugates showed nonspecific staining of bands or diffuse background staining even after blocking. Only the combination of a monoclonal anti-bovine/ovine IgG-AP g with blocking by 10% horse serum in TBS resulted in blots free of nonspecific staining with the negative serum pool.
To facilitate immunoblotting on a larger scale, the following procedure was developed. The electrophoresis of the antigen was carried out in a mini-electrophoresis system, b which made it possible to run 4 gels simultaneously in 45 min. The electrophoretic transfer was performed in a semidry blotting system, c which enabled the transfer of antigens from up to 4 gels in 30 min. Instead of cutting the membranes in strips and incubating the individual strips in the serum samples, a technique which is frequently applied, a miniblot system f was used.
Antigen evaluation. The antigen preparations commonly used in B. ovis serology are hot saline extracts (HS-AG) or sonicates (SON-AG) 3 were electrophoretically blotted onto membranes and incubated with several sera with high CFT titers. SDS/ ME-AG showed the broadest and strongest reactivity with all sera (Fig. 2) . Therefore, SDS/ME-AG was chosen as standard antigen for immunoblotting. Bands of strongest staining on SDS/ME-AG were of 10, 17, 19, 29,45, and 63 kD. Diffuse staining of RLPS was visible at 8-12 kD.
Spectrum of reactivity in immunoblots. Analysis by
EIB of 89 sera from rams with positive semen culture and 378 sera from routine submissions from infected flocks revealed a general tendency to more intense staining and broader reactivity with increasing CFT titers ( Fig. 3) . Nevertheless, staining patterns of protein bands and RLPS varied in strength and complexity within each CFT titer group. Bands of 8-12 (RLPS), 19,29, and 63 kD were the most common and occurred in 100% of semen culture-positive sera and in 96% of field sera that were positive in 1 or more of the standard tests (CFT, ELISA, and GDT).
Comparison of EIB with CFT, ELISA, and GDT.
To compare the immunoblotting with CFT, ELISA, and GDT, 89 serum samples from rams with positive semen culture and 29 sera from SPF sheep were tested with all 4 methods. EIB was approximately equal to the other methods in specificity and sensitivity; differences between tests were nonsignificant (P > 0.05, chi-square test) (Table 1 ).
In addition, 378 samples of routine submissions from infected flocks and 300 samples from accredited disease-free flocks were compared. In the sera from infected flocks (Table 2) , the overall reactor rates of EIB, CFT, and ELISA were very similar, whereas the GDT showed significantly reduced reactor rates (P < 0.05, chi-square test). In sera with low or negative CFT titers, there was discrepancy among results of the various tests; some samples were only positive in 1 test and others reacted in 2-4 tests. Correlation between tests, however, increased with CFT titer to almost 100% in sera of high titer.
Of the 30 CFT-negative but EIB-positive sera ( Table  2 ) from infected flocks, 19 were positive or suspicious in the ELISA. Of these 19 sera, 13 were also positive in the GDT. These 19 sera showed medium to strong staining of 1-7 bands similar to the reactions in immunoblots of strong CFT-positive sera (Fig. 3) . The other 11 of the 30 EIB-positive but CFT-negative sera were negative in ELISA and GDT. Seven sera showed 1-3 of the common bands, which were only weakly stained on immunoblots. Four sera exhibited weak to strong staining of single bands that were different from the dominant antigenic components (Fig. 4, lanes 3  and 4) .
Of the 300 sera from accredited flocks with a history of freedom from B. ovis infection, 7.7% were reactive in the blot, whereas 99.7% were negative and 0.3% were suspicious in the CFT. However, none of these sera showed staining patterns typical of CFT-positive sera in the other groups. The staining was generally weak and bands different from the common bands were visible. Bands of around 15-17, 20-25, and 60-65 kD were most common (Fig. 4, lanes 5-9) .
Discussion
The use of EIB as a serologic method for application on a larger scale in, for example, routine confirmatory testing or serokinetic studies is limited by its labor intensiveness. 7 To overcome the limitations, we simplified the EIB technique by using a fast electrophoresis system (mini-electrophoresis), an easy to perform electrophoretic transfer method (semidry blotting), and a convenient system for the incubation of large numbers of sera (mini-blotter cassette). By using this combination of equipment, it is possible to run up to 104 serum samples in about 2-3 hands-on technician hours at a cost of materials of approximately US $1.50/sample. The use of the cassette miniblot system, which avoids the common practice of cutting membranes in strips, considerably improved the overall procedure.
The choice of antigen was based on the complexity of the antigen preparation and its reactivity with sera from infected animals. Although SON-AG and SDS/ ME-AG showed similarly complex staining patterns on gels, SDS/ME-AG produced stronger immunostaining on blots when approximately equal amounts of antigen were used. The strong ionic detergent SDS solubilizes hydrophobic cell components (membrane proteins, RLPS) and lyses the cells under the applied conditions (ME, boiling). Therefore, SDS/ME-AG contains membranous components and cytosoluble proteins, which are both important antigens in the antibody response. 8, 10 Out of 10 conjugate systems and 5 blocking reagents, a commercially available monoclonal anti-bovine/ ovine IgG-AP in combination with 10% horse serum in TBS delivered the clearest immunoblotting patterns with the least background or nonspecific staining. A recent EIB study 7 in which a monoclonal AP-conjugated antibody was used for EIB but with specificity for all Ig classes reported background reactivity when sera were diluted less than 1:500. In our method, sera could be diluted 1:200 without background staining appearing; therefore, our procedure may result in a higher sensitivity.
The major immunogenic components visualized on the immunoblot are of 8-12 (RLPS), 10, 17, 19, 29, 45 , and 63 kD. Other workers 7 who also used SDS/ ME-extracted cells as antigen, found discrete zones of reactivity located at 55 and 60 kD (alpha), 27-29 kD (beta), 18.5-20 kD (gamma 1), and 17 and 18 kD (gam-ma 2). They found also a strong reactivity with a 65-kD component.
A study that used an HS-AG for EIB on sera from B. ovis-infected sheep found that group 3 OMPs (25-28.5 kD) and a 67-kD protein reacted most often on blots. 25 Thus, the major antigens identified in our blots seem to be identical to the antigens in these studies, and some may represent outer membrane proteins.
In our system, many sera show RLPS reactivity in the 8-12-kD range. In contrast to other workers, 7, 25 we used gels with a higher concentration of polyacrylamide (15%), which resolved RLPS as an individual component. Therefore, it was possible to identify RLPS on immunoblots as a major antigenic component.
When EIB was compared with routinely used tests such as the CFT, ELISA, and GDT with sera from semen culture-positive rams, its sensitivity of 97% was similar to that of the CFT (94%), the GDT (98%), and the ELISA (99%). Its specificity measured in SPF sera was 100%, but under the criteria set for EIB positivity its specificity was only 92.3% in 300 sera from 9 accredited flocks with a history of freedom of B. ovis infections. Fortunately, the EIB-positive sera from these flocks showed mostly weak staining of single bands or occasionally a limited number of bands of various sizes different from the immunodominant antigens in sera positive in the standard tests. The SPF sera were completely free of background on blots, whereas negative field sera frequently exhibited some diffuse background staining. A possible explanation for these phenomena is the occurrence in normal sheep of infections other than B. ovis that cause some cross-reactivity or the presence of components in these sera that bind nonspecifically and thus lead to background staining. Therefore, sera from infected flocks that show staining of a limited number of bands similar to the ones found in sera from negative flocks must be considered false positives. Thus, 1.1% of such sera were identified in serum samples from infected flocks.
Using pools of sera, other workers 7 have shown that the intensity and complexity of immunostaining on blots increases with CFT titers. Although there is indeed a general tendency towards increased staining and complexity with higher CFT titers, differences among individual sera within each CFT titer group still occurred. Sera with low CFT titers showed up strongly on immunoblots, whereas some strong CFT reactors presented a limited spectrum of low intensity. Pooling of sera of similar CFT titer will obscure this and give the wrong impression of a consistent linear relationship between CFT and immunoblot.
The EIB technique described here is relatively easy to perform and is able to identify serum antibodies against individual bacterial components. The fact that EIB uses an antigen preparation different from the an- tigens in other serologic tests and the ability to identify individual antigenic macromolecules make EIB a valuable additional detection method for the B. ovis laboratory.
